Contribution of maternal and neonatal factors to the evaluation of umbilical cord blood
Bone marrow and peripheral blood are the most common sources of haematopoietic stem cells for rescue after chemotherapy or radiotherapy. The possibility of using precursor cells from umbilical cord blood has been demonstrated, [1] [2] [3] leading to the development of cord blood banks world-wide. [4] [5] [6] Cord blood transplants are an alternative for providing hematopoietic stem cells in children and adults with hematological disorders. 7 We examined several maternal, obstetric, and neonatal factors, and related them to the characteristics of the cord blood, in order to determine those factors which could help in the choice of the more ideal cords for cryopreservation according to their foreseeable cellularity, volume, CD34
ϩ cells, and other factors.
From January to October 1997 we studied a total of 102 units of cord blood donated by mothers who had given prior informed consent. All the donors were admitted to the Obstetrics and Gynecology Service of Carlos Haya Hospital, Malaga, Spain for full-term delivery. Exclusion criteria included obstetric complications, intrapartum maternal fever, a history of transmissible infectious disease in the mothers and a history of genetic disease in the family. Maternal and newborn data are shown in Table 1 . Cord blood was collected in double 350 ml blood donation bags, reducing the CPD-A anticoagulant to 25 ml. Immediately after delivery and prior to the delivery of the placenta the umbilical cord was double clamped 5 cm from the umbilicus of the newborn. After meticulous disinfection of the area with chlorhexidine, the umbilical vein was punctured and the blood collected by gravity into the bag, this being shaken smoothly. The units were kept at 20 Ϯ 2°C for a maximum period of 48 h before being sent to the cord blood bank. The cord blood was processed without volume reduction and with a maximum freezing volume of 150 ml per bag, including 10% dimethyl sulfoxide, 4% human albumin and saline solution as a cryoprotectant solution which was added over a tray with crushed ice for a period of 10 min, divided into five periods of 2 min each. The freezing bags were then protected with a metal support to ensure even distribution of the cold. The units were submitted to a biological freezing system, consisting of an equilibrium phase of 10 min at 4°C followed by cooling at 1°C per min to Ϫ6°C. Freezing was continued at a rate of 1°C per min until the sample reached a temperature of Ϫ40°C, then at Ϫ2°C per min to Ϫ60°C, and finally at Ϫ12°C per min to Ϫ120°C, at which point the sample was left in equilibrium for 15 min. Samples were stored in tanks of liquid nitrogen.
The characteristics of the 102 mothers are shown in Table 1 . There were 53 male and 49 female newborns, with a mean weight of 3343.9 Ϯ 407.6 g, the males being heavier than the females (P ϭ 0.016). The majority had an Apgar score at 1 min of 9 and at 5 min of 10. The birth weight was not related to maternal age or weight (P Ͼ 0.05), but it was significantly associated with gestational age in weeks (P ϭ 0.0012) and placental maturity (P ϭ 0.01). The characteristics of the cord blood are shown in Table 2 . There were significant associations between the number of total cells obtained and the volume (P Ͻ 0.0001), the mononuclear cells/ml and the total cells (P Ͻ 0.0001), between the percentage of CD34 ϩ cells and the total cells (P ϭ 0.0084) and between the percentage of CD34 ϩ cells and the mononuclear cells/ml (P ϭ 0.0067). There was no relation, however, between the mononuclear cells and the percentage of CD34 ϩ cells or the volume obtained. In order to attempt to find obstetric variables which were predictive of cord blood values they were compared with the following cord blood parameters: volume, total cells, mononuclear cells/ml, percentage of mononuclear cells in relation to total cells, and percentage of CD34 ϩ cells compared to mononuclear cells. Comparisons of the means showed a predictive value of the volume collected according to the sex of the newborn (P ϭ 0.03 for male sex). A maternal weight of less than 72 kg was related to a higher percentage of mononucleated cells (P ϭ 0.003). A birth weight greater than 3300 g tended to increase the total cells (P ϭ 0.054).
The use of fetal progenitor cells has several advantages over adult progenitor cells. 8, 9 With regard to the methodology used to extract the cord blood, it is important to select suitable births for collection of the units. The extraction method chosen was by bag, to facilitate the work of the obstetric personnel. 10, 11 The anticoagulant employed was CPD-A, since it is simpler than ACD for working with different unpredictable volumes. ACD has a pH of 6.5 and if the blood/anticoagulant ratio is between 7% and 10% the acidification of the medium can determine cell viability. The collection technique used was similar to that proposed by Turner et al. 12 The mean volume collected was 70.4 ml (35-112), a figure slightly lower than that of García et al, 11 whose figures ranged from 35 to 200 ml, or Gluckman et al 7 whose mean figure was 99 ml. 7 Figures similar to ours were obtained using the same technique by Wagner et al, 3 whose mean volume was 83.1 ml (46.6-131 ml). Despite these differences, the volume collected was not related to the absolute number or percentage of mononuclear cells, or to the percentage of CD34 ϩ cells. The number of CD34 ϩ cells is considered to be a parameter of little use, given the functional heterogeneity of the hematopoietic stem cell and the difficulty of standardizing the technique. 10 It may be possible to correlate the number of mononuclear cells with other parameters, since, although less selective, they are easier to standardize. We believe that small volumes of 30-60 ml should not be wasted, since it is possible that the first cubic centimeters of cord blood collected possess a Mononuclear cells were related with total cellularity (P Ͻ 0.0001). The %CD34 ϩ cells was related with total cellularity (P ϭ 0.0084) and with mononuclear cells/ml (P ϭ 0.0067).
greater concentration of mononuclear cells, or a delay in collection may have repercussions on the number of mononuclear cells obtained. On the other hand, large volumes could be submitted to volume reduction with little loss of hematopoietic stem cells. The most accepted parameter at present for evaluating the cord blood is total cellularity, which did relate to the volume collected. According to the EUROCORD report, the minimum total cellularity pre-separation was 4 ϫ 10 8 and post-separation 3.5 ϫ 10 8 . 13 Low volumes probably possess a sufficient number of total transplantable cells for low weight recipients. Bearing in mind that 20% of transplanted patients in Rubinstein's series 14 were younger than 2 years of age and probably therefore weighed less than 12 kg, units of cord blood with volumes less than 60 ml would probably be sufficient, since they would have proportionally more total cells in relation to weight. Likewise, O'Reilly et al 15 performed cord blood transplants in which the mean number of total cells was 4.14 ϫ 10 7 /kg, with a 95% success rate in engraftment, and Gluckman et al 7 with total cell figures above 3.7 ϫ 10 7 /kg achieved 90% engraftment. In our case, with a mean volume of 70.4 ml we obtained a mean number of total cells of 8.7 ϫ 10 8 , which for a patient of 20 kg would give a number of total cells infused of 4.3 ϫ 10 7 /kg. As the volumes are related to the total cells, smaller volumes probably have fewer total cells, although these would be useful for low weight children. Most of the obstetric parameters had no influence on the different characteristics of the cord blood. Strangely, mothers weighing less than 72 kg had greater percentages of mononuclear cells, although we are unable to account for this. The mean volume collected from males was greater than from females. Newborns weighing above 3.3 kg tended to have an increase in total cellularity, although we have found no published data to either support or refute these data.
In conclusion, umbilical cord blood from males with heavier birth weights are more suitable for transplants, although low volume cord blood would be useful for low weight recipients. Unusual presentation of cerebral toxoplasmosis after BMT Toxoplasmosis is a rare but almost always fatal infection following allogeneic bone marrow transplantation (BMT). 1 There have been 57 cases of disseminated toxoplasmosis following BMT reported in the literature, and the brain is the most frequently affected organ.
1,2 Cerebral toxoplasmosis manifests with focal signs, fever, seizures, headache and altered mental status.
3 A CT scan typically shows multiple hypodense lesions in both hemispheres and basal ganglia with nodular or peripheral enhancement after contrast medium infusion. 3, 4 We report a case of fatal disseminated toxoplasmosis infection presenting as a single cerebral hemorrhagic lesion on the CT scan.
An 18-year-old male with a 6-month history of SAA was seropositive for Toxoplasma gondii pre-transplant and received a matched graft from a toxoplasma seronegative donor. Conditioning was cyclophosphamide and busulphan, while GVHD prophylaxis consisted of cyclosporin and methotrexate. Engraftment was associated with moderate progressive chronic GVHD, successfully managed with prednisone. On day ϩ106, the patient was readmitted with fever, hypotension and a single convulsive episode. CT scan of the brain demonstrated a hyperdense lesion in the left cerebral hemisphere, suggestive of intracranial hemorrhage secondary to cerebral infarction. Brain biopsy demonstrated extensive necrosis and non-specific hemorrhagic cerebritis. Amphotericin B therapy was begun because of bilateral interstitial and alveolar infiltrates on CT scan of the chest suggestive of pulmonary fungal infection. A second CT scan of the brain taken 30 days later revealed a single hypodense lesion with no peripheral contrast enhancement. On day ϩ148, he was still febrile and suffered two new convulsive episodes, despite adequate anticonvulsive therapy. There was a gradual deterioration of his condition and he died on day ϩ153. Post-morten histological examination revealed an extensive necrotic and hemorrhagic cerebral lesion with intracellular pseudocysts in the brain consistent with active toxoplasmosis. During
